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(54) SEMICONDUCTOR SENSOR AND MANUFACTURING METHOD THEREOF 

{57)Abstract: 

PURPOSE: To manufacture an lnxGa1-xAsySb1-y thin 
film having no disturbance at all as a high sensitive 
semiconductor sensor having excellent temperature 
characteristics to be a sensor layer and realizing the 
manufacturing method thereof. 
CONSTITUTION: Within the semiconductor sensor 
composed of the first compound semiconductor layer 2 
in high resistance, an lnxGa1-xAsySb1-y (0<x<1.0, 0^y< 
1 .0) layer 3 formed on this layer 2 and electrode 4 
formed on the layer 3, the first compound semiconductor 
has the same or approximate value of lattice constant as 
that of the crystal comprising the sensor layer 3 as well 
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as the band gap energy higher than that of this crystal. The second compound semiconductor 
layer in the same quality as that of the first compound semiconductor layer may be formed on 
the surface of the sensor layer 3. Furthermore, this semiconductor sensor used as a magnetic 
sensor has higher semiconductor sensitivity and output than those of any prior art sensors at 
minimum resistance value and the temperature dependability of Hall output as well as the 
high reliability upon the application at high temperature. 
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(57) [Hi^l (^^lE*) 
IBW] *^Mtt)fe^eot&^-<oaix<0)teV> I Ga 
As, Sbi_y(0 <x ^1.0, O^y ^1.0)»ie*$!! 

J^^^t^fcln^ Gai_,ASy Sbi_y(0 <x gl.O, 
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[«ffl=fl*<0«Sffll 

— fli^i^il^^ft^*^ I n A s t^^^mam t L< 
ttiavffiSrt)*}, Tl^o, 1 nAs ii*)±^fi''<yh'^'t 

ilCJg^Jixfcl n, Ga^., A s (0<x <1.0)»KS 
Ga A s ?ISjiH<D±trjg*$tlfc«« 

n, Gai_,As 'bL<H:JfiV^^i 
Srt*>, *^o, I G a A s J; t) :k^tj:y<y K=Sf 

±lcm^^tl±l Gai_^ Asy S bi_y(0 <x ^ 
1.0. OSy Kl.ommSt. mi Gai_, As^ S 

-C&oT, gt^Hk;^'^^^ft:!jn Ga^., As„ 

In^ Gai_, ASy S b j.y i "9 V K 

[m^«4 ] I n A s mmmifi S O O A£ilT<om^^ 
[ai*^5] I n, Ga^.^ As»)K»!5S5 0 0AeJl 

[S»*^6l I n, Gai_, ASy Sbi.y 1*55 0 

[»*fl7l I nAsla)®-9^Sa>ii5. 5X 1 0^^~ 
8X1 o'Vcm^ ©fisffl-^fosriSr^mi-rsil** 

[SS*« 81 I G a A s m<om^Wk§ttK 5 
X 1 Oi°~8 X 1 0*Vcm^ C0®Sia-pfc5rt*i|$ei[t 
1-5iS*J® 2 5 lcE«<o«SCir 

[»*«9l I G a A s y S b S®®^ 

5X10 8X10 "/cm^ coffiffl-e* 5 r t 
[fS*:S 1 1 ] »*o«5BII 1 ^i2«<o«MHr vf-lc 

«^mi>m^^hx\>^x. iiim=ii\:^mi¥^mmK inA 

I n A s J; t) /i^-^y K^f^ y^i^^yw^^f-Sr* 



r t $ri|$ai:1-^>jK^±>'f-, 
ISH*^ 1 2 J 2 {cge«©JK^^ viMc: 

-C, I n« Gai_, AsS©±BlC. SeStO^-^k-g- 

I G a As tt&^Sii:;*?!^ t L< flJ£V^ 
m^nh. In, Ga,_, Asi9:*;t/i:/<yK 

T, I Gai_, ASy Sbi_y S»±a»-, iSStefit 

^S«s:*5, I G a A s , S b 

llCdN fcL<ttJfiV^^iS:»*>. d-o. In, Gaj_, 

Asy Sbi_y J;t?:*:ti'i/^vK=sf-vs'7*cx^/W!¥-* 

li»*«14l I nAs»Kl*55 0 0AiJ]lT©Kff 

l»*«15] I n, Gai_, As»«Wi550 0A 
£AT<^KJ?**-r5rtS:#«t-r5f|*«l 2{r|B« 

[Jl*:^16] I n, Gai_, Asy Sbi_y SiiiS 
OOA£JlTwK)¥Sr«-t-SrtSr!RM»i:i-«SS*«l 3 

1»*:S171 I nAsl<oil^SS*5s 5X1 0^^ 
~8 X 1 0"/cm=©«SHt?*)Sr tSr!»«t-f 
3S1 l*)tlll 4JcEtBcOfi£^-feVf-. 

181 I G a A s 
5X1 0"~8 X 1 0"/cm^ ®«5IB-e*>5ii:S:iWfa 
i:1-5fS*«l 2*fcW:l 5l^ffi«^®ffl[^^C•fe>'■t^, 

111*^191 I n, Gai_, Asy Sbi_y ji<Dm 
^■ftSiJS 5 X 1 0 8 X 1 0 ^ Vcm^ <0<6H-C&5 r 
tSr#«ti-ai»^3Sl 3*fcttl 6{cE«0«a-fe:^ 

l^JVNLl 9<D^^-f^^*^(Ct^<g(7)^^■feV•^^„ 
[ii*:«2 1 1 I n A s t^^l&m^m CA\ L< 
tt, iSvMiSrfc*). I nAs J:9:*:#</v^>'K^^rs':^ 

fl^fig-fSXmt. K^ro±lCI n Asl^J^fig-rSXS 
t. Kl nAsSS-iDX-f-SXigi:, SEInAs®(D± 

Ii»*^22l I nAs ttS^^iCi4S|^i:;4\ tU< 
i*, jav^il«rt*». I Gai_, Asi»);*ctVV-?V 

^^fl^SSrJg^-rSXmt. RS(0±tiI n, Gai_, 
As(0<x <1.0)SSrJ^fiKi-SXSt. ®iln, Ga 
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let, Rero±l- In, Gai_, ASy Sb ^.^(O < 
X gl.O , 0 <1.0)®SrJi^fig-r5Xei:. n, 
Gai_, Asy S bi_y mi:MX-ri,TMt. »I n, 
G a i_A 8 y S b JI©±K««:©it-Att«ffiSr 

[^^^24] MIBI nAsS(0±S(CI nAs 
^3t«aS|^Cd\ 't>L<f*, mm^hh. InAsi 

[Bi*«2 51 WIS I n, G a A s 1(7?±B»C I 
n, Gai_, As hV<}t. jfiV> 

fflSrt>*>> I n, Gai_, As J;i!):*:tVv^y K=^f-yy 

l!»*«2 6] WEI Ga^., ASy S bi.y S 
0±B»- I G a A s y S b fe^3£SciftS|^i: 
>6\ tt<(4. JfiV^'(t^t*>, In, Ga,_, ASyS 

«:©mxft^«ji|£^«:Ji«rJ^^-r5XSS:*-r5r t S: 
#«t-t-5?t*«2 3 lc|H«grojK^-feyf 

2 7 1 Mt&^m-it^m^mm tmm<o 

±JC}g^$ixfcI n, G ai_, ASy S bi_y (0<;x^l. 
0. O^y ^1.0)«KStKl n, Gai_, Asy S b 

-Cfc-^^-C. fb-g-i^^'^flC/JS I n, Gai_, As, 

Sb,_y t>L<li. Jfiv^ttSrt 

I n, G a A s y S b J: *) V'y^:^ 

fcs i I c (->D y i^yi'M&m^) '^y^t 

am-^^y^-f i'P^-r^—A' K$tiTV">a r t Sr<l*iafc 

2 8 1 tl*5S 2 7 -^^Vv h'm% 

±y^icm^X. WIE I n, G a A s y S b i_y S 

I n, G a A s y S b irf&^^iCiiS 
mZi>\ tU<tt. jfiV^'liSSrt>*>. I n, Gai_, As 
y Sbi_y i:'0±^\>^y<yh'^^yy^^/i'^-i:t^r) 

[000 1] 



[0 00 2] 

[fl6«(0atlf] I n A 3 ttt to»■CiS5^^tt^i»llIlt^r«f 

tix^f^HK 1) ii5«?-#ftg*5#C>tt.s«ifS»/j:i^ 

fittsr*- ufc I n A s wmo^mmm-^S) « > 2 ) i 

[0003] m« -e I n A s »K<OfiK«!ftS«'«r «jS4g 

<omm.^<Dm^(oi^^:&m^ i n a s t < ti . 

^:©fc«>tcSfi±(Cfigfi Lfc I n A s ^^f4S«t 

'SiRfttrol^tt^^roSlijiXStc J: 5#tt©3ES)*5:fcgr 
<, *fc«Stii[Ojaft«M±1>«<*5«l«i|!isa?>tL5, 
rofc^^)Ji$<o»^^I nAs«BISr<SflSlfi5t-t-5«ft-fe 

[0 0 0 4] I nAsWM«iRH4*-3S:ft-rSfc* 

^'?:^K=¥-Ys/7'?rJ£lf5@WCGa*^ALfcI n 
Ga As(035cjiS^i5^i^*^P5jl,Xtfc. InGaAs 

■rSiS, I n P t»^S^-r« I n i: G a ©ififigJttt, 
I n„ S3G a 0 47 A s ;^("J"t?$> *) , InGaAs 

n P iH:S>i5:»^3£»S:to InGaAs (OWm^^ 
(C*jVNrt I nAs|^«lcSffit©l!lffijC36^-fSI&-7- 
aHSrfll^SrtdS-CtT. ilSfl^«fiilS©I nGaA 

[0 0 0 5] ^b\c. ff^?*»< b-C:*:t*i^-hS*L 

I n A s 5!l»RSr#5 r i: ttJiUi^ofc. 

[000 6] Cit^-Clr I n A s Slgi&iS^atrflJffl L 
fcfiJSt-fei'^OftWi: LT. »^Jp2 - 2 4 0 3 3-^, 
1§MB36 1 — 2 0 3 7 8-g-i#§BBS6 1-2595 83 
■i^SdSfeS. «f^¥ 2-24033 ^i^^-Ctt, I n 
A s (DmmmzS, S i 4r K-f V^^LT^-7-rofi*i|$ 

fc„ I^MBS 6 1-20 3 7 8 -i-^^-Ctt. ii^ite»<4G a 
A s S«±(Cig^jS;ft$-tfc I n A s n G a A 

s i:smm b -i- 5 *-/H)l^^dSli3g $ tufv ^ 5 G a 

A sStRi: I n A sl(0#ffi(ctt*S^atbi55I^L, ^: 
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-efcofco It^mme 1-2 5 9 5 8 3-^<ii#-e 

f - 7 r 'T r S«±(c}Kfig $ nfc I n A s ^Ml t 
•r5*--'^^^i^5tl5g$^^TV^5>6^ l o 0"C«rS8x5 

[0 0 0 71 

10008] 

*s»<Tfc I nA s ro^^ic^ict/im^l^Sba-JJ^fjtu 

^Ib\^. I nAsJCft^-g-rSS 
^SrJ15^$-Br5r i:*5-C#, I n A s j@»]^©l:^a« 
I nAs J:»)t$6{i:>'<vK=¥-rs'7'«rj£>f*fc»i::i 

nAslrCaSr^ALfcl nGaAslCt5V^-Ct., In 
G a A s ^ 
Stt© J:v> I n G a A s iSJilfiKOJ^^idt^ffi^ ^ 9 . IK 

ufc*g-©as«Mtt>8!cS-et 5 r. t *£v^Af u 

fco ^t>iCi@ie]^lrJ;5fi^^!i^SrfiJffl-t-n«, InA 
s-^I nGaAstdSbSTJiAU ^? b'tSflSiSaSrll 

nAslt. ®5I nAs'gO±(CJi5fiK$tvfc:*— AttS 

I n A s t> L.< tt, )ftV^«tS:t> 

I nAs J;i?;*ctvv^y K=¥-vs/7'3iJ^;w^f-Sr>b 
ori=Sr«F®i-r5JK^cC-fei'-!J-C$>«. ^InA 
sSjJS I nAsSJJlGa-^S b!J$^A^?ixfc3 jc^t>L 

Gai_^ As (0<x <1. 0)'^I G a j.^ As, 
Sbi_y(0 <x gl.O, 0 <1.0)-Cfc-o-C'bJ;V\ 
giT. InAsS, I Gai_, As (0<x<1.0)S 
RXfl Gai_, ASy S bi_y(0 <x ^1.0 , 0 ^ 
y <1.0)««-i^fi:L-C-fe>f-Si:l^^r <!:l::-r5, 
[0 0 0 9] $e>ic. K-feVf-^WiBt-lix 



[0 0 10] BE-fevi^^tm-^^Uf^rib^ife 
[0011] $ ?>lcK■fei/■!^®lc^4m^e3Uilfc•fa>5 

«^-!65#ft-r'5/i5. -twrn^SSttS X 1 0 "~8 X 1 
O^Vcn^ ©«SiB«S»*U<, 8X1 0^®~3X1 0^» 

[0 0 121 *»M«-feVlM©±JiJ^^$«l5«ffi 

[0 0 131 *«M©««-fe>'f-tt*-/i'3l» 

[0014] § t,(c, j^i&^(om-it^^^mmm 

K-fe vf-SroiBlclSSfcO:^— A14IHiSr»figi-5 XS 

=>:/;5'^ h$-&5XSt.*%0J<DSefflT?*)5. 
[0 0 15] 3|s:^?^WlKM-fevf-f±, ^.gtrjsJJCTsKi' 

ti<^Ti^i^•5. >'i^tts i I cf-y:/ 

[0 0 16] 
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[0 0 17] mi\t:^mm(om:^ttiimm&m^±y 
\tmm^m^mc^\^iti><o^hi>o 01- (b) \t± 

•feyiM$r^L•rv^5o 4 (4 1. 4 2. 4 3. 4 4) 
\t:t-A^(DmMi:^LX\^^^o 5 (5 1, 5 

2. 5 3. 5 4) f*Jj?>'y^>f V^O^OSffi-X^&So w 

zx\mm(D^\mn,±:y'^^yy^<D?^i:^Lfzo 02 
<o^r,it^(i^^mwmxh^. "tit. 7n±y'9'm^\c 

[0 0 18] *5l§«tc*^VNT. ±>^m^\cY-':f^fi 

•et>J:<. S, Si, Ge, S e/cfifttif*bV>t>(^'C 

[00 1 91 2^:|SI^O•fe>'i^®Sr«fie-rS I Ca 
A s y S b i_y I n t G a COfflfifeJtti 0<x ^ 

1.0 -eS)*), »*L<tt o.6gx ^1.0 -e&e, cFe)»- 

1.0 ASJ;9if*LV\ I Gai_, ASy Sb 

i-y m<OAs bSh<DUl&)tm ^1.0 -C^jSd^ 
»*L<»4 0.4^y Sl.O . J:l3»*U<(i 0.6^y S 
1.0 ro«H-C&5. -feviJ-S^IS^tt, 1. 4Mm£jl 

0. 3 iimSXT-Ch?>c 0. 2 /tmfiJlTt J;9iS5!8S« 

ttfrtons. i(75^-a-»4-fe>'-!M<o^^tt. 5 0 OA 
JSlT-efet), »*L<tt3 0 0A£)lT, J;t)»*U<tt 
200A£IT-C*S. Wr, SHv^-feV'lMSrfflv^ 



fc. 9 tt r o J; 5 B W-Ci«}gtt<o^b^t)¥»*« K 
-T'^JVfc K-:>— 'F#fi«J-CS>a. 03- (a) tt^-W 

5. 03- (b) \tm~<oit^^mwmich'-y^ti 

-efciV^A^ Si, S, Ge. S e)5e^H:»*LV^t)» 

[0 0 2 0] :^m^(Di^mi^-^y^\cm^^Mi&^<ofs 

ifi5<, »*L<<ril 0 0fgP£A±. J;«J»4U<ril 00 

of&ei±ii5V''%©t?fc5„ 

(0 0 2 11 :^mm<o^mw±y^\cm^btix\^^± 

t>-ClJiV>, fctiri, Ga Sb. Al Sb. A 1 .^G 
ai-«iSb, Ga As^iS bi_oi. AlAs^^jS 
bi-ci. A l„iGai_,iAs„iS bi_„i, A 1 bi I n 

l-bl A S b i_o2> 

>g^^^^^^$:®^;ljol^T. A 1 ^^G a A s S b 
X\t. {0 ^ai^l.O. 0^ci^0,6 ) f)mt.\^<. {0. 

5o AUiI ni.biAs^2Sbi_^2"^ft> {0.2 ^bi^ 
1.0. O^Cg^l.O } d5»*L<. {0.5 ^bi^l.O. 0^ 
C2^0, 8) ;ds J; 9 Lv^ftH-rffeSo a i ^2 i n i_b2 

PdiSbj^di**- {0 ^ba^l.O.OSd^^l.O } 

fi^, {0.1 ^bg^l.O. O.l^di^O.8 } 

rfeSo A I 32G a i-^Pd2S b i>d2'^f^^ to ^^2^ 



-5- 



1.0, O^dg^O.S ) *5^if*L<, {0.5 ^aa^l.O, Og 

10 0 2 21 |g-^b^^Ji**:«©»* 1 1 14 0. 1 M 

m^l, ^lO/im-CfefP, iif*U<tt. 0 5 nm^i^ 

10 0 2 3] *%i^(:o-fe:^iMt»-xi;^r-fk-&!fe¥' 

mwmKi.'=xrM^n^^m<r>m'tw,c\t. i n-s 

b, Ga — Sb, Ga—As, In— As, A 1 — A 
s, Al— Sb, In-P, Ga-PAS*)S, ^Oi^X 

1 1 n-Sb*W*U<fflV^P>n2), KS- 

i)iiit>^tit-^<ei>^M^mi)^hm\iiMtLwm (iii k) 

<o;«»^S:fl8ltt, JJctclKvSe (III 1^) <DfiaitSr'«^»«t 
i^^li-feV-!?-SSr«fiK-r.5i©S!6-^jitfixfc:III ft (V 

(Vft) ©;«(^Srfiait-t-5, ot'lcRlII ft (Vft) (osa 

(III ft) sruait-t-*. ^x^xm-it-^m^mwnm 

5. ^III ftS.0^Vfto^Jc<fc5l¥-aBSH, igcJl^S 
[0 0 2 41 7|s:5l?^<Dii^^^{*:-fe:/f-=Srffl(^LTV^SIlffi 



A u G e /N i / A u <0 3 Ji«5gSrtt i: i-54i*0© 

«imffi«it-CJ;v^*K Al, Ti, Au, v/f£^<r>i¥- 

[0 0 2 51 :^^m<Dm%±>f-^M^-ritLmcm^ 

{pf-C J; < . G a A s (Dmf^^B(0^1&mm^. S i 
*.5«ffiiL-C. (1 0 0) ffi^ (1 1 0) ffi, ^tti 

n^::th^<nt>ti^o m^ti. (ioo)ffiJ:*)2 
[0 0 2 61 *^9gcoj8^-feyi^w58ji)Sfe(c»v> 

$>1^il|:tt'^dr -^^ MOVPEffi, AL 

[0 0 2 71 ^??>t-. ■fei^f-®«r!85.S»J:ii£i:CT3fS®JK 
^Jttiiqx-rsXSfi, !?:ns, |sjc5,f->'^rj^K7'r:3^s' 

*gfSro?KW!:)!inx-r« a Wtct L < fflv^?>i^ 

[0 0 2 8] m 5 \t:if,mm(D^^mi%'\-y^<om^if^ 

^«^S^^:lg^<^»fS0S:*L■CV^So 05- (b) 11 

±ffi^^e>^fcEi-e$>^o 0 5- (c) 

fflv^e>ixSo 0 5(7)^3- h/<-®ffil o»l'fe>'i^^ 3 
[0 0 2 9] *«5«<oat^"fei^f-ft. "fe:^i^ota;^Srli 

Lfco 1 Wm^^^'^^y'f^s 1 211s i IC^y 
\Z\t^)-ViL(or>iy^yYU. I4tl!;-K> 1 
^XIVA^^. ^:LT. 1 6*1^-/1- mil LTV > 
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So 

[0 0 3 0] eJlTtC2tc|g^$:SiS«tci:t)3*-<§25^ * 
[00 3 11 (HlfetWl-a) ii:^2-<y^<7)Ga As 

Alo.8 Gap 2 Aso.ieS SO/im^S 
^-frfcp IJctCiryf-St LTS i K-T'I nAsSrO. 
2 5m mfigS ^^^irfCo r O I n A s 
ffiti: 1 9 0 0 0 c /V s . hffittttfl 1 5 0 Q 
®-7-«ft0. 8 8X1 0^*^cm"^"t?S)o^o 

[0 0 3 2] i^K. y^yy^-m^K^^x. 
G a A s mi&±\zm^^tiitmMmm±\^mmutt£^ 

iNisSrjg^bifco KJi±ic7;i-by y^9:7^-ffiic 

Vl^SSrSlttl^^fCo ^iblcS^lg^ffitCctt). Aug 
e (Au:Ge=88:12) S^2 0 0 OA, NilSrSOOA, 
AuJi?r3 5 00AaM^^U ii^c^y :7 

fto ^KO^YFLtct-^-ZUm^fD^yy^^-O^^tO, 3 6 
mmXO. 3 6mm'^$>ofco :i<D:^--/l^$^^'^i/':f 

^^<^«Ftt«:^2(c:^Lfco 

[0 0 3 3] ^2lC^Lfc<t ^ffi«?iJl-a(7)2j^- 
/^*T•f^^feA:^«ffi^-;»v^T. 5 0 0 G(D8S*^a«r 
n^U»^X2 1 OmVi:v^5;'^t?S:5}^-/V'a;^aES: 
r(^ttr±. 5pj$W?tGa As2j^-/W^^-03^- 
/i-ffl:^lff(D2fi&eJl±coffl-cfeSo 

/Ha;*jmBEomS^{b(i: 1 0 0*t:£iL±lc4oV>-cfc/h^?< 
ftiifcma4#ttSr^UTv>5o ig8ic^L:^J:5l-^^ 
1 5 CCST'lii^T/h^ < . fia* 

S-e^-/wKU;/!::S^(D, S»«c»<^««J* 2 . 3mW/ 
t:eST?fo«9 . 10 0-15 ot:iSMfc 

m^xh^mx^^zti)^t>i)^^ito ^it. i&mmx(D 



[0034] (mmmi-h) mmmi-atmmo:^ 

0.8 Aso.i6Sbo,84*^0» 30Mm^S$-^ 

fCo SCJC/^'K-T'I nAsSrO. 25Mm^fi^?-t' 
fco r 05 I n A s »K<^®^^*i()a<©ffil^ 1 2 0 0 0 c 

/V s . i^- h«giffiti5 2 0 Q/D, S^Sa^ 
4. 0 0 X 1 O^^cm'^-CfcofCo 
1 0 0 3 5 1 1 - a ^ Wm:.it--)\m=^^^% 

1 5 0 mV, 7<)M^i^ 1.1k Q-X?, 1 0 0 t:£Jl±0 - 
-^mm^X%WS^ 1 - a t;ilt-<r«^«{n:«(DfiT:&5^ 

[0 0 3 6] ii:S2-f ^^(DGa AsSfi 

y K-T't^^Alo.s Gao,2 Aso.i6Sbo.84«^0- 3 
OMHij^S^iirfcio JJcJC-feyf-St LTS i K-yi n 
AsSrO. 1 5/zmfiKS$-frVto r<OI nAs»!R<?5m 
^jg^EbSt^ffitl 1 9 0 0 0 c /V s . bSftffl 
ft2 3 OQ/D. a^-Sao. 9 5X 1 0^^cm"^-Cfc 
0^0 

[0 0 3 71 eJlT. ^lK«l"a ^:I^«(CLT4^-/l^ 
[0 0 3 8] ®[«ptt(:i^a(DS 1 IC, ^-f-OWttJi^ 2 

[0 0 3 91 ^2{::^Lfc<J;5(ii> 
^tt^t&A;^ttEi-i^v>r. 5 0 0 GcD«*afa^Jto 

iK^I'T? 2 6 0 m V t V^ 9 :t t 7fx-;ua;^j«jE^^r1- 

;^mjE(?5 2is£A±offi-efcSo *yc. 4^-/wm;fja;Eo 

«^eSi1iS<^Ma[ft#i4t>^JE0iJ 1 - a ir 1 5 
ot^^T^ffiabT/h^d^ofeo ;i<oJ:5lc^^«fitffl<om 

$btctem«-e(oftffi}t-5 0t:-et>KHri4<. J^:v^ 

?SM<OflS^'fe>'f-o— o-efc^jj^-yu^^Jl. m^X(Ty 

[0 0 4 0] (^ifi0!l3) il[@2-r V^cOGa AsSS 

^^K-T't^Alo.s Gao.2 Aso.i6Sbo.84*0- 3 

As^O. 1 0 Mm^g^ii-yto ^ CO I n A s ISK^^II 
^^Ibacottf^ 1 9 0 0 0 c /V s . v/- hSStffi 
«:3 0 0 0/D. a^iSftl. 1 X 1 O^^cm-^-efeo 

[004 1] £IT^ UllSfi^J 1 - a i LTt^-/^^ 
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[0 0 4 21 !mmmm(Dm i ic. mf'(ommtm2 

[0 0 4 3] S2(C^LfcJ:5J-. ^Mm3<0:^^-/V^ 

^ft^*&A;t;Sll{ci^v>r. 5 o o Gcom^^&^^o 
fiS#4' 2 7 0 m V t v^ 5 ?i^^->^^ttl;^®ESr*■f 
MS«c#ttf^^ffi0« 1 - a t LfZo ^ b 

[00 441 (itlfc««Jl) *J6Wl3i:l^1l|cD*ifelcj: 

y VK-T'OAlo.s Gao.2 Aso.s Sbo.s * 
0. 3 O/zmJ^eSS-^ytio ^Jc{-/:^K— :/I nAs Sr 
0. 1 0 Azm^:g^'^/to COI nAs»KOgffi^:^^ 

3£Ji^^l6-efcoybo Al GaAs Sb^;6U nAs<0 

is^jgs^-b-fjLS ^ I n A s »iigd5fte> 

[00 4 5] (SI1£0I|4) ii:S2-rv^<DGaAsS« 

(0«ffitcMB EjttCck 9 t try :^ 

K-T'cTDAlo.s Gao,2 A s o. iqS b o. 84^ 0 • 3 
m^;g$ii:fco ^^C^C'fe>'1^St LTS i K-T'InAs 
Sro. 1 OMm^S^-itfco JJctc. m:iit^^^^WM 

^tr/VK-T'COAlo.s Gao.2 Aso. i6Sbo.84 
Sr5 0 0A^;g$^. ^h\c^^ryymtLXGaAs 
cieS bo.84^1 0 0 A^S^c-^fCo w<^InAsi^]^ 
<0m^^^i!lflfcOlttli2 1 0 0 0 c /V s . i/- 

2 8 0 O/D. II^SRft 1 . IXlO^cm-^-e 

[0 0 4 61 yit by y^^7 7^-ffiSrfflv>T. 

G a A s S«±(C?|^^$tLfcaS«K[±t-iS«Sl5i 

^jgSi/^T. H3 PO4 ^(r>:x,v-f':y^m^^'0^mi^^ 



^^"^it, $fetcK2g|K«ffi(Cj;5. AuGe(Au:Ge=8 
8:12) Ji^2000A, N i SiSr 5 0 0 A , AuS^ 3 

5ooAajKg8«u ii»<^y7^3^7felcit). 3fx- 

OiSlf^bfC3Ej^-/l^^^CDf^S':/f-^:<(tO. 3 6mmX 
0. 3 6mm'CfoofCo 

[0 0 4 71 >l<^'1^-/i^^^^^;'>^4r. i$^^2K:/KU. 

[004 81 mwmt^m(o^ 1 1-. ^i^<o^$ttn^2 

[0 0 4 9] ^2lC^Ly^J:5l-> Sffi0J4Cr)4^-/U^ 

^^l3et&A;^?ajE^ci^v^r . 5 o o G<omM,m&^n^ 

So wC^ffilt. 5F*5»?iGa As^J^-yU^^iT^^^^-Z^ffl 

hmmm i-at p«-cs> ^9 . ms.mimmi^x^b^ 

2. 3mw/t:s-e&!:). ;i<d^^Wl. loo-'iso 
t: ^ V ^ 5 ^^^-^mxh^mmcm^ ^x t^fflr t s r 

[00501 (^Mm5) !i[^2>r>'^(^Ga AsS« 

lo.8oGao.2 A So. 32S bo. 68*0- 30/im^g$ 
i^rfco LTS i K-:/l no.s Gao.2 

As«:0. 1 0Mm^g$^fco no.B Gao.2 

A s mm(Dm^^W)&(om\^ 1 5 5 0 0 c /v s . 
i/- vmcm^ts 3 0 Q/D. m^sai . 22x10 

[0 0 5 11 £JLT. IllfeWl-a tl^^iCUrsJ^-/^* 

[0 0 5 21 m^mmm(Dm 1 1-. m^f-o^wm^m 2 
[0 0 5 3] ^2(c^Lfcj:5Jc. mmm5(D:t^-/\ym 

'=F\t&^At}mB\cm\^^X. 5 0 0 G(^S£^fl5g«r«po 
m^fpX 2 0 0 m V t 5 :*c# *7^-/i/til;^jmjESr*i- 
5o 5p^W*Ga As7^-/W*^(07l^-/^ffl 

;^F®JE<^2fg£JL±(Offi-CfeSo "*^> ^-/V'ffl;^jmEE60 
aSiRfttSrEI9{C^Lfco "^it. ^m&X(D, t^-zi^m 
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s <D \c^^(om^mtf xi:\^\ 

[0 0 5 41 (it«ff!i2) mmmstmmc^ /vk- 

T'cOAlo.s Gao.2 Aso.6 Sbo.4 ^0- 3 0 /x m 
^g^HirfCo JSfciC S i K-T' Ino.s 0^0.2 As^ 
0. 1 OMm^g$'^fc;65. I Dq. s ^ a q. 2 A s 

[0 0 5 51 mmme) ii[^2^>-^60Ga AsSfi 

m^M^'^tio m^±y^mtLXS i K-T'I no,8 
Gao.gAs^O. IQum^^^^-^^o Bll^b 
t\.X/y y-yOA 1 o, 8 G a o. 2 A s 
0.23S b 0.77*^5 0 0 A^g^-li-. ^bt-^-Yr/T^^i: 
LTGa Aso.23Sbo.77S:l 0 OA^g^-^fdo Z(D 

Ino.8Gao.2As »ffi[<^®^'1^Slfl[Ott«: 19 0 0 
0 c /V s . i/- h«gi1»(i3 1 0 Q/D. ^T-ift 
gl. 0 6 X 1 O^^cm^^T&ofeio 

[0 0 5 61 ^16«RI4 ^(^^SICLTtJ^-/^^^* 

[0 0 5 71 mmmmm(oiti\c, m'f-<D^mtm2 

[0 0 5 81 S2(c^LfcJ;p(c, mMm6(r>:t^-/vm 
^»t3t»A*mEElC»V^-C. 5 0 0 G<^«ma6*Sr«po 
«S#tp-e 2 40mVi:V>5:^# ?S^-/i^ffl;^mff 5:^1" 

:f3ms.(0 2i&Sk±<Dmxh^o 23^-/vHi;^mE<^ 
fi«»ttf*lllfe0!l5 ti^c-e&t) 1 0 ot:iJi±icii^v>r 

mm 5 1 m^xh ^ . usLm^mm^x^b^ < . i&mm 

I|^-/WKLyt^^<^. figc«c0^^fl 2 . 3mW/t: 

m-cfct). :i(Dm^\'is 1 0 0-1 5 ot:^VN5?e*^ 
BTtg-efc -5 flS^t-l^v ^r t^ffl -C t ^ ^ ^ K ^ i: * 



[00591 (mmvi7) m&2>(>^(DGBAsm&L 
<omm\:iMBEm\cx^m-it^^^mmtLx/> 

h*-y<DA\o^s Gao,2 A s o. 45S bo. 55*^ 0 • 3 |i 
m^^^^ito m^^>^mtLXS i K-T'I no. 65 
G a o. 36 A s 0 . 1 0 m m^fi S-frfcp Dc^C, ^Hft 
-^fe^^f^l tLXy>^ h*-:f(DA 1 o. 8 G a o. 2 A s 
0.45S bo.ssSrS 0 0 A^g^^. 
UTGa Aso.45Sbo.5eSrl OOA^S$'fr;feo 
I n o. 65G a o. 3sA s »B[<Ol;^3g^ft«(Z)ffifi 13 0 0 
0 c / V s . i^- hlSftiffiH 3 8 0 O/D, m-^jft 
il. 2 6 X 1 O^^cm*"^-Cfco;rco 

[00 6 01 siT. mmm 4 1 ur2ix-/u^^-sr 
[00 6 11 ffi«Ftt}i«tti(^*i t-. m^(o^\t^m2 

[0 0 6 21 ^2{c^LfcJ:5(Ji. SllEfi3|7(02!^-/v^ 
^ft5£»A;t»SflEi;i»i^T. 5 0 0 G(7)^:^«*^i$o 
SJ#tp-Cl 9 5mVi:l^5;t#?S^->'l^t^;^mE?r^^•r 
So r<^fllJ^. V^W^Ga As^x-/U^^CQ/J^-/Wffi 

;t?SE(^2f&(Dii-efcSo -^it. :t^-/umtimE(r>mt 
fwmtmmmb tmcxhr) 1 0 o'x:sk±\zm^xh^ 

btm^xh^. u&mmm^xy\^^<. ^mmc^^ 

-Ji^VLitm^(D. mmm(D^M}t2. 3mW/X:UX 

fcO. :i<Dm^\t. 1 oo~i 5 0t:tv>5«e*^^te 

m^x<D^^-;vmt}mBf)^±t <^\^hMm& 
fl!i-c(7)ffifflri-6oic-ctBgait/cC<. iSv^taa^H-c 

[0 0 6 31 (*t£«i|8) ii:@2^>'^(DGa AsStR 

K-T'tOAlo.a Gao.2 A s o, 75S bo. 25* 0- 3^ 
m^S:^^ito m^^^^MtLXS i h*-:f I n^^ 
Gao.rAsSrO. 1 0 ti m^^^tlt^ Kk\^. ^^it 
tLXy> h*-:f(DA 1 0. 8 G a o. 2 A s 

0. 7BSbo.2s*5 0 0A^e$-^> ^ 

UTGa Aso.75Sbo.25*l 0 O Af!K:g^?it-yto ^(7) 
Ino,3 Gao.7 A s »IScOS^^^»ia<^filfi 9 0 0 0 
c /V s > hmimt4 2 0 O/D, fll^ji* 

1. 6 5 X 1 O^^cm"^-t?$?o;^o 

[0 0 6 41 skT. mmm4tmm\^\^x^^-/i^m^i: 

[00651 K#tttt«ffl<^« 1 *^<o«M4«« 2 
[0 0 6 61 S2tc*LfcJ:ptc:, ||Jfefia|8(D2j^->'w^ 
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^J4;£t&A;^flJElci8-v>r, 5 O O GOJK^^SiSrJto 
ip^W^G a A s *-/l'«^©*-/Hayj«II 

-/vKUfcig^©. fRsa:»®#ictt2. 3mw/t;a-e 

1 0 0~1 5 Ot:i:^^5^^3l5^■B^tl 
t?fcSil5m{i:»v>T t>€effl-C# art ;iSM t /io 

[00 6 7] (Illi0y9) ii:^2'<'i^^roGa As*« 
©^ffiJCMB EiSfetC J: 9 SB— fb^^^ft:® i: UTy 
K-T'OAlo.s I no.2 Aso.3 Sbo.7 5^0. 3m 
m^:i;$*fc« J^:^r■fey1^®i: LTS i no.s 
Gao.2ASo.3Sbo.74rO. 1 O/tmfigft^-afc. 

ftjr, m=.^t-^^^m t UT y V A 1 o. 8 

I no. 2 A So. 3 Sbo.7 Sr5 0 0 A^:l^-ti:fc„ ^(D 
Ino.8 Gao.2 Aso.3 S bo. 7»K<om^^lliaO 
mti2 0 0 0 0 c /V s , i/- heSi:<ll42 7 0 0 

/□, m^mst 1 . 1 5 X 1 0 " c m-^-cfcofc. 

lo 0 6 8] jjcl::, y:i-hV yi^y7^-Bi:m\'^X^ 
G a A s S<R±lCJgfi£StufcaS»K±i-iSK8lfl5 1 /iS 

tlKV^r, H3 PO4 ^KOJi-.y^^i^jeJtci^JF^SB^^ 

-/N— :^BICP^7X-7CVD&tC<fct), 0. 2nm(DS 

HC 1 3R©3:s'^:^^'JK{cJ:!3JFil«:«PWc*)5Sg 

?>I^StS^«iSfeJ^J:9, AuGe (Au:Ge=88:12) S€r2 
OOOA.N iS^SrSO OA, AuM^ 3 5 0 0 AiljgK 

/■t^'-ySrJi^^Lfc. r5LT, 2-1' V^®!?3iwN- 
— /W^^rof-yr^l^^XliO. 3 6mmX0. 3 6mm 



[0070] Bt«H4tt«a©« 1 {C, 2 
(0 0 7 1] a2fc*L.fci5»C, Sl««»l90*-A'« 

^»4:£»A*«ffiCi&v^T, 5 0 0 Gro<K««SS:»o 

lK#'ft?3 0 0mV^:v^5*--'^tH;'3ttJI^^r•t-5o 
©fiStt, ¥^6<j/j:G a A s J^-/V^^<0*-/VfflyjfflE 
J:t)iKi3»:*:#vMi-eifo5, *-ymj;tj«IEroit 
a^ttttHiit^s tpju^-efeo 1 0 o*c«±^::^^^^Tt 

^-/wKUfc^^o, |Rj«c»:co«Sctt2. 3mW/^S 
COlR^tt, 1 0 0~1 5 0"CtV>5i*3l5^Pl 

tB•e$)aiSi^alci^v^-ctffiffl•^^ 5r t ASM e>d»t *o 

«|-e©ffiffltt-6 0t;-CtBa®tt)5:<. I£^/^llS«Sffl■C 

[0 0 7 2] (ltt55C3|3) *160!l9i:PJ«(-/>'K-:^ 
(OAlo.a I no.2 A S0.7 S bo.3 ^0. 3 m mfigft 
fttCS i no.8 Gao.2 Aso.3 Sb 

0.7 ^0. 1 OMmfi£ft$-B-fco iS*:!-:. /vY--f<r)h. 
1 0.8 I no.2 A S0.7 S bo.3 Sr5 0 OA^S$-ar 
fc. r(OI no.8 Gao.2 Aso.3 S bo.7 *R<'5*ffi 

(0073] (UlSWl 0) ilS2'f yf'tOGaAsS 

i^K-:/WAlo.8 I no.2 Aso.osSbo.ss^O- 3 
/imfigS^-frfc, jilctc-feViMi Urs i K-P'I n 
0.8 Gao.2 Aso.s Sbo.s *0. lOnm^g^* 
ft:. JJcic, B-{k-a-ife¥^«^ei:U-C/vK-7'(^Al 
0.8 I no.2 Aso.o5Sbo.9s«r5 0 0A^:g$'^fco 
I no.8 G ao. 2 A s o. g S bo. s*ISW«^^«) 
g<0i[H:2 1 0 0 0 c m'' /V s , HStti[tt2 7 
0 0/D> m?-je*l. 1 0 X 1 0"cm"^-Cfco;fc. 
[0074] £JLT, %im 9 t UT3^-/W^^ Sr 

[0 0 7 5] )s«H4tt«m©s 1 n=f-(n>wmim. 2 

[0 0 7 6] «2(r^LfcJ;5lii^ %WSk\ oro^-zw 
^^tt^A*«ffit-»v>T. 5 0 0 G<0jl^«S4:i$ 

oJK^tf-es 1 0mVi:V^5*-/^^il*l;ESr'fl-r5„ 
5F«a6fj)iSG a A s -'W^^WJ^-/wttl;^m 

aai*tt«:SllS««5 tP^ CCfct) 1 0 ot:ei^±^r^$^^T 
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m^e-zi-h-Lltm^to. ?K5»«:w«»tt2. 3mW/'C 

mxh*). ziom^f-ti. 1 0 o~i 5o'Ci:v">5fie3i5^ 
ffi!|-c«)«6ffltt-6 0'c-cfcPp3Stt*<> J!2:v>jaa«5H-c 

[00 7 71 (Slffi^Jl 1) \SM2^y'^-(OG&Asm 

yK-7'<OAlo.4 I no.6 AS0.05S bo.9sSrO. 3 
tfm^ft$*fc. »:^C•fey•^^Si:L-CS i K-y^I n 
0.8 Gao.2 Aso.2 S bo.8 *0. 10//mfi£fi$-* 
fc. m-it-^^^^t^mt LT/ V K-:/® A 1 
0.4 1 no.6 ASo.o5Sbo.9s*5 0 0AfiKS$*fc. 
r© I no.8 Gao.2 A S0.2 S bo.8*^<^W^^!ll 
SOffiht2 1 0 0 0 cm'' /V s. V- hSgiffi«:2 5 
OO/D, fi^aSl. 1 9X 1 0^''cm-^-efeofco 
[0 0 7 81 £ilT, *li50«9 tl^«{CLt:*->'l'^^«r 

[0 0 7 91 K4^«:«W©*llc:. ^^o«fttr±*2 

[0 0 8 01 ^2lcs^LfcJ;5t::, ^IS^Ji i©*-/w 
^^tt3£♦&A;^;mJE^cMv^T, 5 o o G<DmMi&Sli:W 
o«ff "iJ-e 3 0 5 m V t ^^ 5 *->'Hil;^)«]ES:'ri- 5. 
rrofid, sp^WiG a A s /W^^O*— 
iiJ;!)jK)3f&^tv>tt-e&So *fc, jJ>-/Hli;^«E<o 

JB*-/v-KUfc^^ro, 2. SmW/t; 

S-C&t), w<7?^^»4, 1 0 0~1 5 0t;tv^5tife3l5^ 

«!i-c®ffiffi tt- 6 0 "c-c "b pajstt/i < . ifiv ^m.Amm-^ 

[008 11 (lUSW 1 2) fi^mSrfiJffl 

lg^-5r#5gWf, ii[S2'<y^©Ga Asg^O^B 
»CMB E ffii;: J; 9 if— fb-g-i^^^flcS i: LT / > K-:/ 
OA lo.8 Gao.2Aso.i6S bo.84*l- Otim^^ 

^■frfc. ^JclC-fe^-f-^t UT/>'K-7'I nAsSrl 5 

oAfig;6$-e-fc, ^-iY.-^m^mwmt\.xj:y 

K-7°©Alo.8 Gao.2 Aso.ieS bo.84*50 OA 
^fiS-Br. SP,tCdE-\'y:/»tUTGaASo.i6Sb 

o.84?Srl OOA^g^-a-fc, cro I n A sSflKwm^^^ 
Wi&nmt 1 5 0 0 0 c / V s , hgjKfitt 2 



0 0«2/n. a^aiSl. 3 9X 1 0^^cm"^-efco 

[0 0 8 21 £AT, Sllfefi^l4 tig«H::Lr*-/w«^-* 

[0 0 8 31 mim.\%^m<r>^^\z. ^^»#tt(4a4 

[0 0 8 41 ^4ir^UfcJ;5l-> ^li6«ajl 2<D*:-/I^ 
(4«*&A;^«I1«C»V>T, 5 0 0 G<OiKS«S«r}$ 
oai!i<*«-C 2 2 0 m V t 5 'S:*-/Kil;'3llBESr* 
¥*llW*Ga As*— /l^-T-©*>-/W 
tii;^ajE(0 2{geit±<0ft-efo5, *-;mj;^l8jE 
©ilg!|$ttS:[g 1 lIc^Lfco )£®E-C©, *-ymi;^ 
Bii<o?ia^{ISttl 0 Olceil±}i*JV^Tt)/h$<«ixfc 

mffiwm^gEfkii 1 5 o'cms*-e±<{£T-t-.5::tt 

Jfe«C<DiSmtt2. SmW/tS-CfctJ. w<DJg^-tt. 1 
0 0~1 5 0lCi:V'>5?e3lE^Hrt6-e&5il5ai:i»V''Tt 

[008 51 (.\mmA) %ii^mi 2 kmm^. 

ao.2 Aso.5 Sbo.g Sri. 0/xm^g$-ti:fc„ iJclC 
/ K-y I n A s * 1 5 0 AfiKS$*fc, ^IC, / y 
K-T'roAlo.s Gao.2 Aso.5 Sbo.s *500A 

$?>lC*'r s'7'li LTGaAso.s Sb 
O.S Sri OOAfifeg^-^fc, ^ft»lg;(D«ffi**ni;- 
4>U©§»3!iS;^^P>tl„ r©i nAsSSKwW^^lb 
^ro«r±2 3 0 0 c /V s , hSettttt 1 0 3 
OQ/U. Vf-Wi&\t. 1. 7 5 X 1 0'^cm-='-Cfco 

AS, JE:©*-/mi:^m£Ett, 3 5mVfc/h$<. A;^« 
^tt2kai:*^(wii5*»-ofc, ag#ttlcov>T 

[00861 mm 1 3 ) l:^8b*SrfiJffl Lfc*-/w 
^^•*#SS6«JT?, i£^2-('y^©Ga AsS«©^E 
JCMB Ei£(c: J; t) i: LT/ >- K-y 

WAlo.8 Gao.2Aso.i6Sbo.84S:l. 0 mfifcS 
S-Brfc. ftji-fe ^f-S t try y I n A s 4: 2 0 

K-7'CDA lo.8 Gao.2 Aso.ieS bo.844'50 OA 
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o. 84^: 1 0 0 A^ft$*fc. C w 1 n A s 
SbSoMtt 1 5 0 0 0 c /V s , hSSt«tt2 
1 5 0/n, W^aiftO. 9 7X 1 0"cm"'-^J)O 

fc. 

[0 0 8 7] £IT, Sllfi«t|4 i:l^«»CLT*-/i'^^S: 

[00 881 K^ttJimmw^ 3 ic. m^<om^tim4 

10 0 8 91 ^4 ir^^Lfc J; 5 »ififi«l 1 3 W*-/!' 
^^•li^*SA;^«;jlt^»V>T. 5 0 0G<?5«mffiSSr«f 

■fa. r<D|lr±, Jpl^WiG a A s *-yi^^<D*— yi' 

ofiMktt^iist^ 1 2 1 < , 

fiwafiSE^btsiifte? 1 2tmm^ 1 5 o-csas-e^ 

fc„ ^iHW'S 5 =-^~-JV Ka-e«f ffi^-zi- K LT 
Kf^Lfc^^tt, |gili:t5:<D#^tt2. amw/tg-cfc 
rco^^-»4, 10 0~1 SCCtVpSe^^^tB-C 

*)5ii5^a^c»^^T <>«effl-c$ i>ztifim ht^tfa^ it, 
ffia{i!l-C(^ffiffli4-5 ot:-C'bPpg)Si4'te<. jSv^ 

(00901 ^m^m 1 4 ) fiT-SftSSrffJffl 
^^•Sr#Saflt-e, ii:S2-f>'^OGa AsS«<DSffi 

A 1 o. 8 G a o 2 A s o. 16 S b o. 84^ 1 • 0 m m^S 

K-:/C0Alo.8 Gao.2 Aso.i6Sbo.84*500A 
^^^"t. LTGa ASo.ieS b 

0.84^:1 0 OAfig^l^-tirfc. C © I n A s »IKom^ ^ 
WiStnmft 1 5 0 0 0 c m* /V s , hfi*n:ittt2 

5 0 O/D. m-7-aiSO . 5 6 X 1 0 " c m"^-e&o 

[00 9 11 £tT, *lt094 tl^«t!:U-C*-/v^^Sr 

[0 0 9 21 mmti^iii<om3\z. ig^©/i«stttt«4 

[0 0 9 31 m4{C7Pl^1ti:o\!i. mmVtl 

^^^^;t^&A;^«Ei-»v^T. 5 0 o Go«mffi*^«f 
o«#4'-C2 1 0mVi:V^5:^t^i*-/'^Hi;'3ttJES^* 
•fS. r.<Dffitt, 5p*56<J>5:G a A s 7^— ^W^i^-WJj^— 
lll;^«£E0 2ff£jl±<Di[-efe5. *-/HU:^lSffi 
omMkttUffi^Ill 2i:ll«ro#ttS:^tyt. */c5il 

^»Si:ffi©m*S{bt>ilffi0!i 1 2 1 1 5 oic-sra 



v\ 1 0 o~i 5 oti:^^5^^i3^5^Wt6■e 

*fc> <£jniiin?(o<sefflw:-5o'C"e'braHtt/i<, jkv^ 

[00 941 (^IS^il 1 5 ) S^-SSSSrfiJffl 
m'f-^n^Bi^V. iffS2'<>'f^cOGa A s«fi<O^B 

j::M B E i I) S^—fk^ilfeili^ttce i LT y v K-:/ 

(OAlo.g GBq jAso. i6Sbo.844'l- O^m^^g 
^?-arfc. l5:{c:-fe:/1>-®i:LTy vK-n nAsSrl 0 

K~:^©Alo.8 Gao.2 Aso.ieSbo.84«r5 00A 

o.84Srl 0 0Afi£:g$*ft:, I n A s»l^<Ol;^^ 
»«O«ttl4000 cm'' /Vs, i^~bS*n:11W:2 

2 OO/D, fl;^-SIS2. 0 3X 1 0'^cm~^T*3o 

[00951 £iT, mSfi^I 4 i UT*-/i'^^* 

[0 0 9 61 mmti-^mnmsic. fs^o^mtm4 

[0 0 9 71 «4tC^UfcJ:5lC, lllfeiRIl 
3g^-tt3S*SA;^«ffi(^i^V>T. 5 0 0 G<0««fl5*Sr}$ 

•fSo rrolStt, sp*&6<j/iG a A s *— /V/^^(0*-/W 

6tl;'3«jl<^2#f<^ffi-efc5, *-/v-ta;^«flE©it 
ftSftfiSlffitaii 2 1 0 o'C|i^±(c*3v^ 

1 2 tmmc 1 5 oicsrfijtrtffiKttroffi 

oo~i 5 ot;tv^5tJij|5^-siiE-cfo5iisatc»v^-C't) 
m^-ct^:itii^mbi>^tti:o1t.. tit. flisaj-cott 
ffltt-5 0t;-Ct>M)B«:*< , i£v^aie«5iB-C<t«tt© 

[0 0 9 81 i^mm 1 6 ) Jl^a^SrflJffl Lftt^-J> 
^^•S:#5B«|-C, iEiS2'1'>'f-(DGa AsSffi(Z)«® 

(^Alo.s Gao.2Aso.23Sbo.77*!- 

o. 1 A s * 1 5 0 Afigft^-erfc. ftjc. mn-fk^«)i|^« 

ft:Si:U-Cy':^K-7'©Alo.8 Gao.2 ASo.aaSb 
o.77?r5 0 0Afigfi$-fr, $e>lc#^s/7'li:L-CGa 
AS0.23S bo.77Srl OOA^SS^fc. wOIno.a 
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G a o. 1 A s mm<om,^^wi&(r>mi-i l 4 O O O c 

9X10 m-^rfeofc. Z(Omm\t&^^Fi:^^ 

[0 0 9 91 £IT> llte«"J4 tPI«itUT!h-/Hg^Sr 

[0 10 01 BK|*tttt«ttl«>«3lC, |g^ro^$ittt^4 
JCq^ L-fc, 

[0 10 1] ^4tc^L.fcJ; HJStfiJ 1 6 co*-/v 
^^•tt;tl&A:^f»ElJ:»v>T. 5 0 0 GOlB^ffiSSrj^ 

a^lbttSffitfJ 1 2 b mm<r>m\t^^ Lfc, $ p>»j:^^=- 

t&im(omtiu^mi>mmm 1 2 ^ i^tii 5 0 
[0102] mmm 1 7 ) s^^*srfijffl ufc*-/!- 

©A 1 o. 8 G 80. 2A s o. 32S bo. 68* 1 • 0 /t m^ft 

$*fc„ iJcl'-feV-f-Si LT/VK-y'l no.8 Ga 

0.2 As Sri 5oAfig:g$-*fc. jjcic. m-it^^^m 
{^liuryyK-T'roAio.s Gao.2 Aso s^sb 

0.68^5 0 0 AfigS^-B:. ^ -y-^mt LXG a 

AS0.32S bo ggiSrl 0 OAfigg^t-e-fc. rwino.8 
G a o. 2A s ifKroll^^S)* ©{itt 1 3 0 0 0 c 111=" 
/Vs, ix'-hS^|itt3 2 0O/a «^««1. 0 

0 X 1 0 c m-^-efcofc. ;i<D«l«JU:^#FS:Ji^^ 
[0 10 3] Illi«!l4 tl^«l;iLX*--'V*iFS: 

[0 10 4] igE«fttr±SWoS3tc:> m^(0^\S^tt$t4 

[0 10 5] *4{CSxUfcJ:5Jil, HlfiWl KDiH-A- 
^^•H;tlSA;'3Sffili:»v^T. 5 O 0GOK«ffiSSri$ 
oJK#4'T 2 0 5 m V t v> 5 :'c^ ?S*-yV'tb;t>flffiSr* 
fS. rwffitt, 5F*&6<3*G a A s *-/w^^-<Z)j)^— ;w 
Hl;^S£E0 2fff©ffl[-Cfo5. *-/wtti;ft®EE<Dfi 
Sl^ttSrEl Slc^Lfc, Sf8JET?<0, *-;ua;^)mE 
®fi«3E{k;tti 0 o'C6i±i;:*5i/^-ct)/h$<ffiixfcfi* 



oaat^^ktt 1 8 o"cma[*-c±< isr-rs r 1 1 * 

tt, mmc(Om^it2. 3mW/"tS-Cfc*), ^(^^^ 
1 0 0~1 8 0'CtV'>5t«e*^nrtBt?fo5i«m»CM 

[0106] {tt^m 5) mmm 17 t^mc. 

:^^<DG a A s SS©^ffl<r / Y—-fOA 1 o. a G 
a 0.2 ASo.B Sbo.4 Sri. 0 m mfiK:gc5*fc. JJcJC 

no.8 Gao.2 A s «r 1 50A^S$* 
fc, mc. y>-K-7'(DAlo.8 Gao.2 Aso.6 Sb 
0.4 S:5 0 0Afi8ft$*, *e>l!:*-^y7'JliLTGa 
ASo.6 Sbo.4 ^100 A^g^*fc. ^fi»ffll©« 
ffi^jfJDi;— 14, i>Lro§t)*5;?^P)H, roino.8 G 
a o. 2 A s »K<0«^^»«Offl[tt 2 0 0 0 c m= / V 
s , V- hSStfiltt 110 0 O/D, S^-aStt, 1 . 

89xio'*cm-^t?foofc, %MmAb^m<r>ism\^ 

3 0mVi:/h$<, A;tl«fiT:tt2. 2kOi:^S'tcii5d» 

1 0 1 0 7 1 mmm 1 8 ) fi^ SSiSSrfiJffl 
*^Sr»5SWT?, itS2'('yf-roGa AsSffiro«B 

©Alo.8 Gao.2Aso.4sSbo.56*l- 0 *£ mfifeS 
*-&fc. »:l;:-feV-»Mt L-ry VK-T*! no.a5Ga 

o. 35A s ^ 1 5 0 A^g^-frfc. iJcic, ffr-fk^ifeiiS'^ 

(*:li:UTy>'K-7'(DAlo.8 Gao.2 Aso.46Sb 
0.55^:5 0 0 AfiKg^-fr. $e>lCdr^y7'®iUrGa 
Aso.45Sbo.6s*! OOAfifcS§*y!:. r©Ino.65 
G a o. 3sA s 1 4 0 0 0 c 

/Vs, i'-hfiStffifiS 6 OC/D, miF-»«0. 8 
3X10 m-'T?fcofc. r ©«EKr±fi^#FS:}!J^ 

[0 10 8] »T, ^li0«4 i:l^fillCUT*-/HR^* 

[0 10 9] K«H4f±«fflro*3{C, ^^W#14tt*4 

[0 110] ^4»;:*Ufcj;5lw. Htfit^i 8(0*-/w 
^^l43£*&A;^Sffi»-»V^T. 5 0 0 G©«*«aSrj^ 
oJK|ji«f-e2 0 5mVi:V^5*t'fc*--'mi*tlffiSr* 
rS. r<0<ill4s spS^M'fcGa As*->'l'3g^O*-/l' 
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ffi^miEroms^fttt 1 0 o'^c^i^±^c*3^^rtJ/^^?<ff 

fbt 1 8 0'CSft*-C^<<g;T-r'5-i:1>*<. 
«fctt2. 3mW/t:ST?&9. rcD^^tt, 1 0 0~ 

[0 1 111 mMmi9) \SM2y(>'^<OGaAsm 

0.3 Gao.7 As*l 5 OAfiKft$*fc. SS^ft 
t Lr / >- K-:7'<OA 1 o. 8 G a o. 2 A s 
o.rsSbo.26«r5 0 0Afi£g$-ar. $ P)(r*Y:5':/Si 
LTGa ASo.7sS bo.as^rl 0 OA^fi$*fc. Z(0 
I no. 3 G a o. 7 A s SffiEWS-T-^KSWiCtt 10 0 0 
0 c mVV s . i^-hm^mi4 0 0 Q/D. 
« 1 . 0 4 X 1 0 c m-^-Cfeofc. :i<D»IKtt»^# 

[0 112] EiiT> mmm4 tiaiaifcur*-/n(f^-sr 

[0 1131 IK#tttt«ttl0^3t-, ^^WiKftttt^4 
[0 1141 ^4lC^LfcJ;5JC» llli«»ll 9<D*-/l' 

^^^(±:£l&A;^mEi-i^i'^-c. 5 0 0 G roam^B^^Jt 
ojK^t-ei 5 OmVi:^^5:*:t^S*-y^tt;^*EE^* 
+5. spi!|lW*G a A s /ViR^ O*— /V 

ffl;^)fi)E<oi. 5m^±(r>m•vhio siim-c 

ilroaftlE^kfc 1 8 o'ceaf *-c^< r i>fi 

tt, j8i»c»o«!Rtt2. smw/ncg-efct), rroiR^ 
tt, 1 oo~i 8 0'Ctv^5iif5tE^^t6-e*>Sfl5St;:J^ 

•ero^ffltt, -6 ot:-e'bP<a)Sf4JS<. iSv^as^Effi-e 

[01151 (^l(Sfi«J2 0) ieS2'l'yf-OGaA8« 

;Ero^ffilcM B E i^Jc J; *) m-it^i^^mi^S h\.XJ 
yK- T'OAlo.s Ino.2 Aso.3 Sbo.7 0 



/im^S^^tfCo LryvK-:/! n 

0.8 Gao.2 Aso.8 Sbo.a Sri 5 0Afieg$*fc. 

Rfc, SBZ{b^«jJii«*jca t UT y y K-T-© A 1 o. 8 

I no.2 Aso.3 Sbo.7 S:5 0 0AfiRSS*fc. 

I no.8 Gao.2 Aso.8 S b „. 2 *1K<^®^^S''*<^ 
ffiW: 1 5 0 0 0 c /V s , i/- hSStffittS 0 0 0 
m^iR«0. 9 3X 1 o^*cm-^-e&ofc, r<D 

[0 1161 SAT, Jlli0!l9i:l^«tiiUT*-/W5g^^Sr 

[0 1171 Igi^tttt^fflroSSt. ^^©iWH4H:«4 

[0 118] ^4lc^r^L.fcJ;5tii. illS«'!l2 0©*-/w 
^^«;efeA;'3ilEi-»v>-c. 5 0 0G©««««S:it 
o«if.tf-e2 1 OmV^:v^5:*:t'^c*->'^W;^«flES^* 
•fSo rroMt4> ipi&W'^fGa As*— yV^^O*— 

Sf^Ufc^^tt, IKi*fe«t(D««tt2. SmW/tS-Cfe 

:i(D*^tt. 1 0 o~i 8 o'c^:v^5^^3t5^nrtg■c 

<SJafi(lT?<o^ffl«:-6 0''C-C%|ffljHtt'&<, IfiV 
[0119] (itlJECie) ^iS«!l2 0i:ls]fi|(c. yvK 

— 7'<OA 1 0.8 I "0.2 A S0.7 S bo.3 ^ 1 • 0 /xm 
figg^iirfc. »:lc/yK-7'I no.8 Gao.2 Aso.s 
Sbo.z Sri 50A^fi$-&fc. Wii. yvK-T'WA 
I0.8 I no. 2 A So. 7 S bo.3 Sr5 0 OAfigS$* 

ffl[ttl0 5 0Oi:#f«r(Ci^<, a^-^lbS(42 20 0c 
m'' /V s -C&ofc. *16«fll9 i:l^«0*fe-e*-/wPg 

:^mflE(±. 3 OinVt/h$<, A:/3SgL»42. 1 k Q t 

IE, A;^«tn;i'bl^?t«S{li*S:*ct<, KaeiJT?©A;t) 

[0120] (Illi0i|2 1) Et6 2-1'>'f"<OGa AsS 

«®«ffiitM B E itJ:: J: ^— fl:^¥«(*:S t ur y 

VK-T'OAlo.s I no.2 Aso.osSbo.9sS:l. 0 
Mmfigg^-arfc, JJcfc-feyiMtU-ryy K-T"! n 

O. 8 ^^O. 2 -^^O. 5 ^^O. 5 

I no.2 Aso.o5Sbo.9s«r5 0 0A^:g:^g$ii:fCo 
CCOI no,8 Gao.2 Aso.5 S b o. 5»i^<^«^^ 
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W}&<omt ISOOOcm^ /V s . i/- bffi^ffiJ^ 
2 9 OQ/D. «^3IK0. 9 6 X 1 0^®cm"^-C&o 

fco 

[0 1 2 1 1 £JIT. tPl«ltcL"CJ}^-/u*^Sr 

10 12 2] K1#ttfiS^ffl<^*3t;:. m^o«#ttt^*4 

[0 12 3] m4\C7f:Lfci:o\c. ^J60iJ 2 1 (O^J^-yV 
^^'f:i^t&A;t?miEl-i^v^T. 5 0 0G<^8i*«aSrJt 
oa#it»'T?2 1 5mVt\/^5:fct*>J^— /mi;tittffiSrW 

«<Dfia«{bfc*lfi«l 7 tlU^lC 1 8 0tS«*"C± 

Sf^tfc^^tt. IRflc«:<^»Scf:i2. 3mW/t:S-e& 
9. 1 0 0-1 8 ot:tv^9^^*^^te'C 

[0124] (mmm2 2) m.%2^>f^(DG&Asm 

yV—ZfiDAlo,^ I no.6 Aso.osS bo.954^1» 0 
0.8 Gao.2 ASo,2 Sbo.8 *1 5 0A^:i:^ii:fco 

I no.6 Aso.o5Sbo.95*5 0 0A^;t^S$-^fco 
no.8 Gao.2 Aso.2 S b o. 8*K<Ofl;T-^Sl 
SOtSJi 1 6 0 0 0 c /V s . i/- hS^ttfl 2 7 
0C2/n. tt^SSO. 9 6 X 1 0^®cni"^-CfcofCo 

[0 12 5] SIT. ^16089 tl^«lCLrs^-/W^^Sr 

[0 12 6] K«Pttfi^m<^S3tC. ^i^(^4*ttliS4 

[0 1 2 7] ^4JC^LfcJ: 51C, SIJfep||2 2 0xJ^-yW 

oeS#tf-C2 3 0mVi:V>5:'ct?i3^-/V'tb*®E4r* 

(Dtmrnimmmm 1 7 1 mm\^A^^< . ^i/b^^ea 
ii(Dm*^{bt>iiJ£e« 17^ mm\^ 1 s ot:sa*-e:^ 

Kf^Lyt^^-fi. ^S^a«Sc<D^.&^i:2. 3mw/t:e-c& 



19, r<D^^f^, 1 0 o~i 8 ot:i:v>5?e*^'^tg'e 
& 5 iiS^at-i^v >T t ffiffl -C 1 5 w i ;6S ?g b fc ?i o fco 
(SM«lt?offiffl«:-6 0t:'CtB3Sfi>fc<. J£v> 
?aK*5H-C««tt<^*) 5 C t ;dSfc)j&^o fco r i 5 tc* 

[0128] mMm23) a:S2-Yyf*<^Ga AsS 
VK->^<^Alo.8 Gao.2 ASo.i6Sbo.84*l- 0 

fi m^&^'^±o l*cJ- s b (o;fyi:m^ U 1 iS^B;/^«t 
^g^^yho S b(Dfi3MSr^i^5<!:I^^l-I nO 

^^Tlll^-Sfc^ttfiSltLybo 5lt«gV>-CAsSrflattU 
■fe^^i^St L"C/:/K->^I nAsSrl 50A^g$-^ 
fco fft/^I n<D^i: l^^aHnmkiU I n<D 

Rglt^^i65^l^m-S bt^^SrfiSltLyto SbSrlS 

I0.8 Gao.2 ASo.i6Sbo.84*^5 0 0A^:g$-&. 
^h\^^^1/:^mt LTG a A So.ieS bo,84^1 0 0 

A^^^'^fc. z(Di nAsmm<D'm^^W)&(om\t2 

1 0 0 0 cm^ /V s. i/-hSttttfl2 0 
S^SSO. 9 7X 1 O^^cm-^-efcofCo InAsS 
^A lo. 8 GBq 2 Aso. b q. 84S^^#Bl^ I n-- 

s b (Df^^m^M^-t^:: t\cx<>xm^»mmti^m 
[0 12 91 skT. ^mm^ tmmcL.x:^--/i^^i: • 
[0 13 0] i^i^mtmm(D^s\c. ^^-(^#tt{i^4 

[0 13 1] ^4^C*tfci:5{-^ ^i£Wl2 3(02^-/1^ 

m^'^^5£^SA;^«Elc:fev^T. 5 o o gcdK:*:**^^^ 
o^#tfi-e2 6 OmVtv^5:*ct^fc/"^;-y^a;(3affiS^* 

■fSo :i(Omt. 5pl&W*Ga As2j^-/V^^(0s^-/W 
ttl;^?mjE<7)3fgW±Offit»feeo J^->'Vttl;f3mEE 

1 2 1 9.10 ox:sk±\^ 

3Efl:fc3l»«»J 1 2 ^ 1 5 0X:n&'^X±< iSTi- 

fco ^^iS^^j: ^ ^^-/^ KS-C«j!g^--/W K LXmf^ b 
fc^^^i. fRi]ift»(^««fl2. 3mw/^mxhr)s :i 
(o^^tt. 1 0 0-1 5 0t:^v>5«63l5^'^t6'CfcSiiS 
Mlci^v>Tt>ffiffl-e^^r ^;d5§^^;i^tJSofco *fc. 

H-e^i«tt(0*>5;itd5t3d>ofco ::<oj:5t-*5IW<^ 

lll;^S;EEd5::k:t<IP^ii5^«t?> d>oii5ia*-c^ffl-e 

[0 132] (mi&m2 4) m&2^>^<OGaAsm 
;Kc^^SI-MB Em\ci:^m-it^^^^^i^mt LX/ 
yV-y<DAio,B Gao.2 AS0.32S bo.68*l- 0 
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^^^Srim^Sfc'ltfiaitUfc. 5ltigEv>-CAs tGaSrfla 
ItU *V1Mt UT/VK-^'I no.8 Gao.2 As 
«rl 5 0 A^S^-lirfc. »:(c. St/ I n 1 S^Ji 
ySttfiaitU I n©Mlt4r-«5'»S tunics b©;?fSrfla 

LX/y K-yOA 1 o. 8 G a o. 2 A s o. 32S bo os* 

0.32S bo.68*l 0 OAfiKft$*fc. rcOIno.sGa 
o. 2 A s 1 6 0 0 0 c m= /V 

s, MSttttttS 0 Ofi/D. m^SISO. 8 7X 
1 O^^cm'^-Cfcofco I no.8 G Bo. 2 A sSi: A 1 
0.8 Gao.2 AS0.32S bo.esS'^^Sf- I n-S b(0 

i^^aSrJIJ^-r « r t i o Tm^««i«r±:^cffi»J: iRi± 

[0 13 31 eiTs mmm4 tp«icuT*-/vig^s: 

[0 13 4] IK#ttJ4«ffl©363{::, l|}^ro^#tttt«4 
[0 1 3 5] «4(c:^LfcJ:5l-, Hife^il 2 4 

is^tt3£»A;^jmflE»cj^v>r, 5 0 0 cnmj^is&in 

•tic rroffitt, 5(li!56<J?SGaAs*— >'Hg^-©:*?-yV 



®jafi#ttttlllg{>i) 1 7 i ^mxh *). 100 x:&±\c 

mti>mmmi 7 tmsnK 1 a ot:m«*-e^<ieT-r 

fc^^tt. f»»il:«)fi^»tt2. 3mw/*t;S-c&t). r 

(D^^it. 1 0 o~i 8 ot:^:v^5^^*T■5Itl-e^b5its 

ffiitffi!)-CO<£ffltt-6 0"C-C'{>BgStt!iC<, i£v^ilS«6 

[0 13 61 Eli. ;iix*t?©ig*?S:4i:«)5t«l~ 

«4<Oj;9(-'^f •5, S2*5j;Ut^4 4'-C}i.Si^tt«r^-t- 

ilia^i:l3V^■tt«T■«^^I©^STtt^<Jle)i^«^v^, B 

[0 13 71 
[^U 
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